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Exposure Databases and Exposure
Surveillance: Promise and Practice
Based on recent developments in occupational health and a review of industry practices, it is
argued that integrated exposure database and surveillance systems hold considerable promise
for improving workplace health and safety. A foundation from which to build practical and
effective exposure surveillance systems is proposed based on the integration of recent
developments in electronic exposure databases, the codification of exposure assessment
practice, and the theory and practice of public health surveillance. The merging of parallel, but
until now largely separate, efforts in these areas into exposure surveillance systems combines
unique strengths from each subdiscipline. The promise of exposure database and surveillance
systems, however, is yet to be realized. Exposure surveillance practices in general industry are
reviewed based on the published literature as well as an Internet survey of three prominent
industrial hygiene e-mail lists. Although the benefits of exposure surveillance are many,
relatively few organizations use electronic exposure databases, and even fewer have active
exposure surveillance systems. Implementation of exposure databases and surveillance
systems can likely be improved by the development of systems that are more responsive to
workplace or organizational-level needs. An overview of exposure database software packages
provides guidance to readers considering the implementation of commercially available
systems. Strategies for improving the implementation of exposure database and surveillance
systems are outlined. A companion report in this issue on the development and pilot testing of
a workplace-level exposure surveillance system concretely illustrates the application of the
conceptual framework proposed.
Keywords: exposure database, exposure surveillance, hazard surveillance, industrial
hygiene database, intervention effectiveness research, public health surveillance
*Author to whom
correspondence should be
addressed.
This work was funded in
part by grant R01/CCR
812044-01 from the
National Institute for
Occupational Safety and
Health, and grant
ES00002 from the
National Institute for
Environmental Health
Sciences.
Thousands of industrial hygiene exposuremeasurements are made in U.S. work-places each day. These include time-weighted average samples from personal
breathing zones or specific work areas as well as
measurements made with direct-reading instru-
ments and colorimetric tubes. In most cases,
these measurements are compared with occupa-
tional exposure limits, stored for administrative
or legal purposes, and never used again.(1,2) With-
in companies, these data could be used to more
efficiently manage and prioritize health and safe-
ty efforts and to improve worker protections;
outside of these companies, these data may be
used to support applied research and improved
policy development.(3–5) Improved systems are
needed that will support (a) efficient data cap-
ture; (b) electronic storage, management, and
analysis; and (c) timely application of findings to
preventive efforts at the work site level. This ar-
ticle outlines strategies for stimulating exposure
database and surveillance efforts based on review
of developments in occupational health and the
broader public health community, summarizes
current knowledge of exposure database and sur-
veillance practice, and suggests next steps for
continuing progress in this area.
EXPOSURE DATABASES AND
EXPOSURE SURVEILLANCE:
PROMISE
Occupational exposure surveillance is the on-going collection, management, and aggre-
gate analysis of exposure data, and in turn the
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application of findings to guide workplace prevention and control
efforts.(6–9) Exposure surveillance is a subset of hazard surveillance,
which in turn is a subset of public health surveillance. Tradition-
ally, public health or epidemiologic surveillance has focused pri-
marily on health outcomes, though it also includes hazard sur-
veillance.(10–12) Hazard surveillance encompasses all health and
safety hazards, including chemical, physical, ergonomic, safety, and
psychosocial.(6,7,9,13,14)
Exposure surveillance can be performed at many levels: within
a department or section of a company (e.g., by the company it-
self(15)); on a companywide basis (e.g., single or multisite, national
or multinational company(16)); on an industrywide basis (by a trade
association, labor union, branch of military service(17)); or by broad
geographic levels, such as region or nation (e.g., by a government
entity(18)). Surveillance is most useful for prevention when aggre-
gate, or grouped, analysis is performed with information about
determinants of exposure at the work site level, with analysis and
communication tailored to specific audiences.(15) For example,
company occupational health and safety (OHS) staff might ex-
amine summary measures of various exposures over time to look
for trends that would indicate a need and general target for inter-
vention. This could then be complemented by exposure profiles
for agents of concern grouped by job tasks or job titles within a
company. Such analyses would provide information to directly
guide exposure assessment activities (for OHS staff), exposure
control efforts (for workers and OHS staff), and medical surveil-
lance interventions (for occupational medicine providers). The
timeliness and specificity of feedback to preventive efforts would
be optimized by ongoing surveillance at the plant or organiza-
tional level, where the connection between exposure assessment
and application of findings is the closest in both space and time.
Organizational-level surveillance presupposes, however, that
exposure data are electronically accessible and thus readily ana-
lyzed, and that appropriate data to support meaningful analyses
are collected along with measurements. Stated another way, it is
best for exposure database systems to be implemented at the or-
ganization level, and for surveillance systems to be developed us-
ing such databases. As discussed in greater detail in the following
section, however, neither exposure databases nor surveillance sys-
tems are widely prevalent in general industry. The results of a re-
cent industrywide search for existing data to support an epide-
miologic study provide a rare snapshot of this situation. Of 31,000
existing exposure measurements to various hazardous agents in the
pulp, paper, and paper product industries collected from 13 coun-
tries, only 10% were stored in fully computerized form, with an
additional 24% in ‘‘partly computerized’’ form.(19) A similar con-
clusion emerges from review of the 67 abstracts published at the
recent International Symposium on Occupational Exposure Da-
tabases.(20) Most papers addressed large government databases (in
only one instance—the U.S. Department of Defense system(21)—
for the management and surveillance use of exposure data col-
lected by the organization), epidemiologic, risk assessment, and
other research applications. Only 16 abstracts concerned organi-
zation-level or company databases, and of those only 12 described
surveillance uses of exposure data to enhance exposure prevention
and control efforts (7 unique company systems were described in
these 12 abstracts).
To capture the greatest amount of available data, exposure data-
base and surveillance systems need to be in place where the data are
generated: at the company, plant, or organizational level in the private
and public sectors. Emphasis on exposure surveillance at the plant
level is a crucial complement to the more prevalent emphasis on
population level exposure databases and surveillance systems, which
have been conceived primarily to meet the needs of regulators, policy
makers, researchers, and others external to the organizations gener-
ating the majority of the exposure data.(14,22–26)
History of Exposure Database Development
At a 1989 American Industrial Hygiene Conference Roundtable,
Industrial Hygiene in Risk Assessment and Standard Setting:
Where’s the Data?, Gomez and Herrick convened a panel that
documented the underutilization of exposure data resources.
Strategies for creating a national occupational exposure data bank
were discussed and developed further in the following years.(23) To
date, a national system has not been developed; however, this on-
going dialogue has helped to focus attention on a set of issues that
must be addressed to make exposure information more accessible
and useful. For example, the need for documenting information
regarding potential determinants of exposure levels (e.g., work
tasks, engineering controls, personal protective equipment) be-
came apparent as investigators began to conduct analyses on large
exposure databases such as the Occupational Safety and Health
Administration’s (OSHA’s) Integrated Management Information
System.(27) Without standardized data collection and coding strat-
egies, as well as data on exposure determinants, the value of the
exposure measurements is extremely limited.(22) The continuing
calls for a national data bank also have raised awareness of the
potential biases in the databases maintained by governmental
agencies and the fact that they capture only a small fraction of all
collected exposure data.(9,22,28–30)
Interest in improving the electronic accessibility and utilization
of occupational exposure data has grown steadily since the late
1980s.(7,31–34) In 1994 the first conference devoted to occupational
exposure databases reviewed progress to date in the area, pub-
lished a comprehensive proceedings document,(1) and developed
working groups to follow up on the issues raised and recommen-
dations generated.(35,36) More recent database advancements in the
industrial hygiene field have come in the area of developing stan-
dardized data element definition and coding schemes and large
collective databases.(1,3,22,33,37,38) Complementary efforts from the
practice or field perspective in industrial hygiene also are being
made to improve the codification of exposure assessment princi-
ples and practices, and thus to improve general assessment and
sampling strategies as well as the application of exposure data to
preventive efforts.(39,40)
In parallel to these developments in industrial hygiene, the
broader occupational and environmental health community has
been striving to improve the theory and practice of public health
surveillance and, in particular, to move from the surveillance of
disease, disability, and death to the surveillance of exposures, risk
factors, and intervention efforts.(7,11,28,41) The coincidence of these
recent developments provides a unique opportunity to combine
ongoing efforts to improve exposure databases, industrial hygiene
practice, and public health surveillance into practical as well as
theoretically sound exposure surveillance systems that will be use-
ful at the organizational level and above.
Merging the Strengths of Industrial Hygiene and Public Health
Surveillance
Industrial hygiene, or occupational exposure assessment and con-
trol, has been described as a stepwise, cyclical process of charac-
terizing a hazard, conducting additional exposure evaluation as
necessary, interpreting findings, and applying findings to achieve
exposure control.(39,40,42,43) Periodic reassessment of exposure fol-
lows as necessary.
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FIGURE 1. The exposure surveillance cycle and its component
steps
TABLE I. Complementary Characteristics of Industrial Hygiene and Public Health Surveillance
Typical Units of
Observations Typical Employer
Electronic Data
Management
Aggregate
Data Analysis
Industrial hygiene
Public health surveillance
job, work process, or workplace
state, regional, or larger population
company where work performed
government
weak
strong
weak
strong
Both the overlaps and differences between the practices of indus-
trial hygiene and exposure surveillance are noteworthy. A schematic
outline of the exposure surveillance process is presented in Figure
1. Most notably, the exposure assessment cycle contains the same
core elements as public health surveillance.(44,45) Both consist of
the iterative, cyclical collection and analysis of data, with the pur-
pose of applying findings to prevention and control efforts. The
principal differences are the additional four steps from putting data
in electronic form (through manual entry, electronic capture, or
combinations of both) through interpretation of aggregate (or
grouped) statistical analyses. The first of these four steps places the
crucial element of an exposure database into the cycle. Each of
these four steps is essential in the surveillance cycle. By contrast,
they are not commonly included in the exposure assessment cycle.
In industrial hygiene practice, there is relatively little emphasis
on aggregate analysis beyond similar exposure groups. In contrast,
broad-based aggregate analysis is standard practice in public health
surveillance. When data are available on potential determinants of
exposure levels (e.g., location, time, or task), analysis of aggre-
gated data grouped by determinants provides insights into poten-
tial causes of exposure patterns, and guides targeting of interven-
tion efforts. In addition, aggregating data allows for greater
sensitivity in observing small trends in a timely fashion. Individual
exposure measurements—even when job-specific—provide limited
sensitivity because of the typically wide variance in environmental
measurements.
Other differences include the scale and unit of observation:
industrial hygiene exposure evaluations tend to address one de-
fined job, group of jobs, or work environment at a time. This
usually includes but is not restricted to localized worker groups
with similar exposures (e.g., a work site or a department within a
company). In contrast, surveillance traditionally has been applied
to human populations at the state, regional, or other population
level,(44,45) even when it is focused on a specific group such as
asbestos workers. Interestingly, work site- or company-level ef-
forts, although prominent in the exposure assessment cycle and
industrial hygiene literature, are rarely considered in the surveil-
lance literature. Despite the similarities of strategies and goals, the
literatures that have grown up around these two disciplines are
largely separate.
From the public health surveillance perspective, the develop-
ment of exposure surveillance has been overshadowed by the his-
torical emphasis on health outcomes over risk factors, the lack of
easily adaptable information infrastructures for exposure data, the
incomplete understanding of exposure-disease relationships, the
insufficiency of public sources of exposure data, and the histori-
cally recent arrival of exposure assessment as a developed subdis-
cipline of epidemiology.(5,14,28) The recent National Occupational
Research Agenda identifies ‘‘surveillance research methods’’ as
one of 21 priority areas and points out that ‘‘hazard surveillance
remains the most compelling and least investigated approach.’’(7)
‘‘Most compelling’’ refers to its largely unrealized potential to pre-
vent illness and injury; it is ‘‘least investigated’’ in that existing
methods and systems for hazard surveillance are much less devel-
oped than those for work-related health outcomes.(7,9,28) More re-
cently, NIOSH has included the development of exposure and
hazard surveillance systems as one of its strategic goals for the year
2002.(46)
In summary, although in principle industrial hygiene and public
health surveillance overlap considerably, in practice they have
evolved separately with very different emphases. However, the
evolved emphases and strengths of industrial hygiene and public
health surveillance are complementary (Table I). Each would ben-
efit from integration of the two. Expanded hazard surveillance
efforts at the work site level, as well as improved data management
and aggregate analysis in standard industrial hygiene practice, are
needed. A unique opportunity exists to integrate parallel efforts
in these related fields to improve exposure databases, industrial
hygiene practices, and exposure surveillance systems. Only by link-
ing such efforts can the full potential of each be realized.
Exposure Surveillance as a Complement to Medical Surveillance
To practicing OHS professionals, medical surveillance is probably
a more familiar term than exposure surveillance. Medical and epi-
demiologic surveillance in the workplace focus on assessing and
controlling the human health effects of hazardous exposures.(11,45)
However, their limitations underscore the need for complemen-
tary hazard or exposure surveillance approaches. Health surveil-
lance is by definition secondary prevention: it does not detect ad-
verse events until disease events are initiated or manifest. Ongoing
developments in biomarkers of exposure and predisease effects
continue to expand the preventive potential of medical surveil-
lance and its close cousin, biomonitoring.(47,48) Nevertheless, bio-
marker or health surveillance modalities are currently available for
only a small proportion of hazardous exposures and health effects.
D
ow
nl
oa
de
d 
by
 [D
ea
kin
 U
niv
ers
ity
 L
ibr
ary
] a
t 1
9:2
2 1
1 S
ep
tem
be
r 2
01
4 
208 AIHA Journal (63) March/April 2002
AP
PL
IE
D
ST
UD
IE
S
Even where screening modalities are available, long latency health
effects, such as cancers and other chronic diseases, are poorly cap-
tured through workplace surveillance programs.
In primary care practice, occupational illness diagnoses are usu-
ally missed.(49) Indeed, the best estimates suggest that 60,000
deaths from work-related disease occur each year, and that the
work-relatedness of such disease goes largely unrecognized.(50)
Most important, detection of work-associated health events does
not necessarily identify the exposure or exposures associated with
the health outcome. In principle, detection of an occupational
illness (or ‘‘sentinel event’’) should be followed by industrial hy-
giene investigation and intervention, thus preventing further ex-
posure to the affected worker and his or her co-workers.(51) Even
when conscientiously practiced by occupational medicine provid-
ers, however, a variety of social, economic, and other factors limit
the likelihood that recommended exposure control interventions
occur.(52)
Hazard surveillance offers many benefits that complement and
expand on those provided by health surveillance.(9,13,14,53) Hazards
of concern are usually known and easier to measure than illness
and disease outcomes. Hazard events occur with higher frequency
than disease events, providing greater power to detect them as well
as greater opportunity for control efforts. More important, hazard
surveillance identifies the proper target for prevention and control
efforts, thus enabling prevention of both the initiation and the
progression of disease in a time- and resource-efficient manner. In
many U.S. and international industries of today, work conditions,
work locations, jobs, and workers change frequently. Examples in-
clude the sizable construction and hazardous waste cleanup and
remediation industries. Only hazard surveillance can support time-
ly and effective feedback to primary prevention in such contexts.
Medical surveillance of hazardous-waste workers, in particular,
highlights the limitations of screening for chronic disease out-
comes from low-level, mixed exposures.(54,55) Exposure database
and surveillance systems would provide the data necessary to focus
medical surveillance programs and guide biomarker, screening,
and epidemiologic research to those specific areas where they are
most likely to yield public health impacts.
Although the primary focus of this review is at the workplace
level, similar arguments hold at levels ranging all the way up to
national policy. In a recent commentary, Gomez convincingly ar-
gues that OSHA and the National Institute for Occupational Safe-
ty and Health (NIOSH) underutilize exposure surveillance strat-
egies in their strategic plans and their responses to the
Government Performance and Results Act.(5) Exposure surveil-
lance strategies would provide more measurable performance met-
rics, particularly as surrogates for occupational disease risks, and
far greater probability of demonstrating OSHA and NIOSH im-
pacts on workplace safety and health conditions. Exposure sur-
veillance approaches hold great promise as necessary complements
to medical and epidemiologic surveillance—from the workplace
through the national policy level.
Surveillance in Business Terms
The surveillance and industrial hygiene cycles have a direct coun-
terpart in prevalent management theories of total quality manage-
ment (TQM) and continuing quality improvement.(11,40) The She-
whart TQM ‘‘cycle for learning and improvement’’ contains the
same essential steps as the surveillance cycle: Plan a change, carry
it out, study the results, act on the results, and continue the cycle.
For example, an international chemical manufacturer articulates a
TQM approach to the management of their Job Exposure Profile
System.(16) The TQM principles of customer satisfaction, contin-
uous improvement, data-based decision-making, and teamwork
are used in the development of specific goals and objectives for
the system. This overlap provides a valuable common language
and conceptual framework to use in securing initial and ongoing
management support for exposure database and surveillance
efforts.
EXPOSURE DATABASES AND EXPOSURE
SURVEILLANCE: PRACTICE
To characterize the range of exposure data systems currently inuse and to assess their surveillance uses and capabilities, the
authors reviewed the published literature and posted a request for
information on three prominent industrial hygiene-related Inter-
net mail-lists (the Duke University Occupational & Environmental
Medicine list, the AIHA IH–listserv, and the U.S. Army Center
for Health Promotion and Preventive Medicine INDUSTHYG
list). The posting read as follows:
I am preparing a manuscript on exposure surveillance ap-
proaches, and I would like to include a summary of cur-
rently used systems to manage and analyze IH exposure
data. Specifically, I am interested in systems used to monitor
and track trends in exposure, to evaluate the performance
of control systems, or to identify cases where some action
is needed to reduce exposures. I am familiar with the re-
cently published articles in the IH journals on exposure da-
tabase systems, and I am particularly interested in systems
and approaches which have not been described in the lit-
erature. My interest is in preparing a comprehensive sum-
mary, and anything you provide will be described without
identifiers, unless you would like to be mentioned. For ex-
ample, if you have a success story you would like to relate,
or a good example of commercially available software, or a
system you have developed yourself, that would be espe-
cially welcome.
This posting resulted in 14 responses (several of which were
redundant) that identified several industrial hygiene data manage-
ment systems, some of which were reported to be actively used
for exposure surveillance. E-mail survey responses, published re-
ports, and abstracts that provided enough detail to describe ex-
posure surveillance uses of the data are summarized in Table II
and further described in following paragraphs.
Army National Guard Facility
An example of a locally developed system for use at a single site
is the system reported at a U.S. Army National Guard facility. This
system was developed to track measured exposures to chemical
agents and noise and link them with workers through individual
medical records. The unit of observation and analysis is the indi-
vidual, personal exposure measurement. This system is currently
used to trigger individual medical examinations such as spirome-
try, audiometry, and chest X-rays, but is also capable of identifying
work activities in which exposure controls are needed. It includes
descriptive information on factors that may be exposure determi-
nants, such as job title, work area, and activity.
U.S. Army/Department of Defense
The U.S. Army created the Occupational Health Management In-
formation System (OHMIS).(17,21,56) This is a comprehensive OHS
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TABLE II. Characteristics of Identified Exposure Database and Surveillance Systems
System
Electronic
Entry
Aggregate Analysis
Capability
Report
Generation
Feedback to
Preventive Efforts
Units of
AnalysisA
Army National Guard facility
Dept. of Defense OHMIS
Chemical Manufacturer A
Chemical Manufacturer B
Automobile manufacturing, HearSafe 2000B
RCF manufacturing
Commercially available softwareC
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
I
I, J/O, L
SEG, J/O, L
I, SEG, L
I, J/O
I, SEG, J/O, L
I, SEG, J/O, L
AUnits of analysis refer to units of records in database, as far as could be discerned from sources. I is the individual worker; SEG is a group of similarly exposed
individuals; J/O is grouping by job or operation; L is grouping by location.
BThe HearSafe 2000 system is being evaluated in a pilot version and is not fully operational.
CRefers to reported capabilities of commercially available modular software packages.
information management system that includes data on worker
identification and demographics; facilities; engineering controls;
personal protective clothing and equipment; hazard inventories;
coding for exposure potential and action priority; as well as results
from air, bulk, and noise samples. Data are fed into a networked
system of personal computers (PCs) from which standard and cus-
tomized reports can be generated (for a single site to Armywide).
PC data are collected biannually from more than 400 Army facil-
ities around the world, merged on one mainframe computer, and
statistically analyzed using SAS.(57) The OHMIS consists of four
components: the Health Hazard Information Module (HHIM),
the Hearing Evaluation and Audiometric Reporting System, the
Medical Information Module, and the corporate mainframe com-
puter database.(56)
The HHIM is dedicated to management of occupational ex-
posure data. It includes approximately 70% of the exposure data
elements recommended by the American Conference of Govern-
mental Industrial Hygienists (ACGIH)-American Industrial Hy-
giene Assocaition (AIHA) task force,(3) and thus is particularly well
suited for exposure surveillance use. It is used to document work-
place conditions, to manage the health hazard inventory, and to
directly link with occupational medicine staff to guide exposure-
based medical surveillance. In addition, the HHIM can be applied
to a variety of prevention and control measures, including mate-
rials or process substitution and the design and implementation of
engineering controls, administrative controls, and OHS training
programs. By 1997 the system already contained 31,492 air sam-
ples, of which roughly half were breathing zone samples and half
general area measurements. Future plans for HHIM analysis ca-
pabilities include statistical determination of similar exposure
groups. Most recently, the OHMIS was expanded to a Depart-
ment of Defense inclusive system, combining existing systems
from the Army, Navy, and Air Force into a single software
product.(21)
Chemical Manufacturer A
A multinational chemical manufacturer has developed a network-
based Job Exposure Profile System for characterizing exposures
for all exposure groups within the company,(16) following the
guidelines developed by AIHA.(39) The units of analysis in the data
system are groups based on similarity in exposure, job title, or
work location. ‘‘Profiles’’ contain qualitative data as well as a cat-
egorical summary of quantitative exposure data indicating no need
for monitoring, or results within various fraction ranges of the
company’s internal exposure limits. A separate Employee Expo-
sure Monitoring System stores corporatewide exposure measure-
ments collected since 1978.(16) Linkage between these two data-
bases, the frequency of data updates, and aggregate analyses of
exposure data were not described in the report. Although the sys-
tem may not include all surveillance functions, it is actively used
to prioritize exposure monitoring and control efforts, to guide
medical screening and hearing conservation programs, and to sup-
port other preventive efforts.
Chemical Manufacturer B
Another chemical manufacturing company has developed a system
to capture exposure and other data from the various environmen-
tal health and safety programs throughout the company’s geo-
graphically dispersed facilities. It is used to assist in incident man-
agement; to maintain an inventory of chemical profiles; to develop
material safety data sheets; and to document chemical purchase
approvals, worker training records, and OSHA 200 logs. Exposure
surveillance is also one of its capabilities. The system, as it is now
designed, is tailored to the production environment. Information
on potential determinants of exposure is maintained in the Job
Profile and Facility Information data fields, including data on task,
use of personal protective equipment, and a narrative section for
further comment. Analysis capabilities include assessment of ho-
mogeneity of exposure groups and calculation of descriptive sta-
tistics for individual workers or for groups of workers.
Automobile Manufacturing
An agent-specific system called HearSafe 2000 is in development
with support from NIOSH, the UAW-Ford Motor Co., James
Anderson and Associates, and the Hawkwa Group. This system is
designed for the surveillance of noise, with the goal of coordinat-
ing the activities of audiometric technicians, OHS program man-
agers, and researchers. The system has the capability to generate
profiles of noise dose, noise level, and noise exposure for various
operations and tasks, as well as the capability to link such data
directly to individual workers through unique personal identifiers.
The system is currently being pilot tested at Ford Motor Co. sites.
RCF Manufacturing
A multinational company engaged in the manufacture of refrac-
tory ceramic fiber (RCF) has developed the CARE (Control and
Reduce Exposure) Programme.(58,59) Quantitative workplace mon-
itoring data are analyzed by job category, product and process
type, shift, and season to assess the determinants of workplace
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exposure to RCF. Functional job category and process type have
been shown to be the main determinants of exposure. Results have
been used to prioritize jobs for exposure control efforts. Time
trend analysis has shown that workplace exposures have been re-
duced since 1990, but that the downward trend has slowed since
exposures have fallen below 0.5 fibers/mL. Data also have been
used to specify a streamlined and 30% reduced stratified sampling
plan. This system demonstrates a clear link between aggregate data
analysis and prevention and control efforts.
Commercial Exposure Database Software Packages
Some respondents to the Internet survey described commercially
available occupational health and safety information systems and
systems in development. The systems described reportedly have
been used for industrial hygiene record keeping and applications
such as the assessment of homogeneity of exposure groups. Al-
though the use of commercially available packages for exposure
surveillance was not specifically reported in the survey, these sys-
tems can provide exposure database foundations from which sur-
veillance systems can be developed.
Review of available software packages is beyond the scope of
this report. Interested readers are referred to evaluative compendia
and other sources. The American College of Occupational and
Environmental Medicine publishes a periodically updated com-
pendium of OHS software, including detailed checklists on Haz-
ard/Exposure/Environmental Information and Information
Analysis & Reporting.(60) The 1999 Safety and Health Software
Census provides short summaries of system capabilities, intended
uses, price, and platform requirements for approximately 200 soft-
ware products (see www.hrcensus.com).
Readers should be advised, however, that commercial exposure
database packages rarely come ready to use. Even with a state-of-
the-art software package in hand, additional steps are required to
develop a fully functional database or surveillance system. End us-
ers need to develop organizational support for the system; choose
which data elements they will enter (unless they choose to use all
of those provided in the package); specify coding for each element
(e.g., specific codes for types of engineering controls, personal
protective equipment, tasks); determine analysis and reporting ob-
jectives (to the extent that they are supported by the package);
and assign responsible personnel to routinely enter and manage
the data, run the analyses, generate the reports, communicate with
appropriate report audiences, and maintain the system. A separate
report provides a detailed guide to these steps in choosing or de-
veloping an exposure data system.(61)
THE EMPLOYER-LED ENVIRONMENTAL
HEALTH AND SAFETY SOFTWARE
DEVELOPMENT GROUP (EHSSDG) INITIATIVE
The history of a unique initiative to stimulate the developmentof commercial packages reinforces many of the points made in
this article. In 1993, representatives from a group of large petro-
leum and chemical companies formed the EHSSDG to encourage
the development of suitable commercial software for the manage-
ment of environmental health and safety data. Citing inadequacies
in the systems available at the time, the EHSSDG, representing
more than 130 companies, articulated its own software ‘‘function-
al requirements,’’ challenging leading OHS software developers to
respond.(62) The functional requirements included a substantial list
of database elements and analysis and reporting capabilities for
industrial hygiene as well as other information management soft-
ware. Neither data element coding specifications nor exposure sur-
veillance objectives were included in the list.
As a follow-up to this initiative, the American Society for Test-
ing and Materials (ASTM) hosted an industrial hygiene and med-
ical software benchmarking event in 1998 at which several com-
mercial vendors demonstrated their latest products. Most packages
were modules in more comprehensive OHS information manage-
ment systems that were linkable to existing medical, human re-
sources, and other information systems. Demonstrated capabilities
reflected the EHSSDG-specified functional requirements, empha-
sizing documentation, regulatory compliance (e.g., comparison of
measured levels with chosen occupational exposure limits), and
integration with internal occupational medicine functions. All sys-
tems generated simple employee exposure notification reports as
well as more detailed user-specifiable reports. Although graphical
output can be generated from any of these systems through data
export or programmed linkage to external software, analysis and
reporting procedures that would address exposure surveillance ob-
jectives would need to be custom developed by, or in consultation
with, software vendors. Some packages also included statistical
analysis capabilities for assessing the homogeneity of exposure
groups.
The EHSSDG recently voted to end its affiliation with the
ASTM effective June 1, 1999. This was largely because the group
initially anticipated that industry-accepted practices and standards
in this area could be developed, but experience showed this to be
more difficult than originally thought. This reflects the layers of
complexity in selecting, defining, and coding data elements; the
diversity of functional requirements of various end users; and the
infeasibility of universal solutions for integrating OHS information
systems and functions (e.g., industrial hygiene and occupational
medicine). Hopefully, the important work of EHSSDG will con-
tinue with other partners. Researchers, policymakers, and others
interested in exposure database development should heed the re-
sults of this employer-led initiative and its implications for the de-
sign of data systems.
EXPOSURE DATABASE AND SURVEILLANCE
PRACTICE: SUMMARY
This review and survey suggest that relatively few organizationsin general industry and government currently use electronic
exposure database systems. The most commonly used systems em-
phasize documentation, information management, and data shar-
ing. The most common application is using exposure data to trig-
ger or guide medical surveillance interventions. Despite the
continuing improvement of electronic information systems to sup-
port exposure data management, analysis, communication, and
application,(9,63,64) this review suggests that most users of electronic
systems are not likely to perform systematic aggregate analyses
with feedback to primary prevention at the plant level. The needs
for improved capabilities for aggregate analysis and graphical pre-
sentation of data appear to be common among existing data sys-
tems. The dearth of published literature and other information in
this area and the results of this convenience survey indicate the
need for a more systematic and broad-based industry survey to
better characterize exposure database and surveillance practices
and needs at the workplace level.
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EXPOSURE DATABASES AND EXPOSURE
SURVEILLANCE: NEXT STEPS
The lagging implementation of both exposure databases and ex-posure surveillance systems at the workplace level indicates a
need for new approaches. Integrating parallel developments in in-
dustrial hygiene and public health surveillance, as previously de-
scribed, is one approach. In addition, implementation would be
encouraged by putting the needs of data generators(65) (hygienists,
employers, workplaces) first, and demonstrating the utility of sur-
veillance at the workplace level. This, in turn, would improve the
feasibility of building broader-scale data systems for researchers,
policy makers, and other external data users. Workplace-level sys-
tems can be seen as the individual blocks with which larger struc-
tures—or broader-scale systems—can be built.
To optimize exposure data systems, we need to expand com-
munication and collaboration among end users and developers, as
well as among various occupational health subdisciplines (indus-
trial hygiene, surveillance, medicine, epidemiology, and toxicolo-
gy). AIHA, ACGIH, NIOSH, and other groups active in the ex-
posure database and surveillance area could serve as focal points
for the exchange of information among the various interested
groups. A companion article in this issue applies the conceptual
framework described herein to the development and pilot testing
of an exposure surveillance system for use by practicing OSH pro-
fessionals engaged in the cleanup of former nuclear weapons
plants.(15) This report provides a more concrete demonstration of
the promise of exposure databases and exposure surveillance. The
authors hope that the strategies and tools described in this
series(15, 61) will help stimulate the implementation of exposure da-
tabases and surveillance systems, and thus help realize the un-
tapped preventive potential of the vast quantity of exposure data
generated in today’s workplaces.
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